UNCLASSIFIED 
AD  NUMBER 


AD158675 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Controlling  DoD  Organization;  Hqs . 
Quartermaster  Research  and  Engineering 
Command^  US  Army  Quartermaster  Research 
and  Engineering  Center^  Natick^  MA. 


_ AUTHORITY _ 

D/A  notice  dtd  6  Jun  1979;  D/A  notice  dtd 
6  Jun  1979 


THIS  PAGE  IS  UNCLASSIEIED 


A^•D  Ct EARED  FOR  PU5l.:C  RELEASE 

UN5ER  'lOD  DKHE'TI'/S  :'2'jD.20  AND 

NC  RESTRICTIONS  ARE  IMFCStD  UPON 
ITS  USl;  AHD  DISCLOSURE-. 

DISTRIBUTION  STATEff NT  A 

A?P'?OV£D  FOR  P-JBLIC  RELEASE; 

D I L  T  R I B;  JT !  CM  U  ML  I M  IT  cD . 


UNCLASSIFIED 

c 


CLASSIFICATIOW  JHANGED^ 


AUTHORITY: 

_ 0//?  wo4fCC  fe  jona  7? 


UNCLASSIFIED 


arid 


I 


iiiformation  (igency 


ARLINGTON  il  ALL  STATION 


ARLINGTON  12  VIRGINIA 


NCn  iCE:  WHEN  GOVERNMENT  OR  OTHER  DRAl  NGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARirmiiD  FOR  ANY  PURP(»E  C5TKER  THAN  IN  '  :)WNECTION  WTTH  A  DEFINITELY  RELATED 
GOVSI^NitlENT  PROCUREMENT  OPERATION,  TE  V.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RE'^r-DNSIBILlTY,  NOR  MOT  OBLIGATION  WB  '^SOEVER;  AND  THE  FACT  THAT  THE 
I  GCVERNMEOT  MAY  HAVE  FORMULATED,  ?  URN  '  ‘lED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  D  A'A  IS  NOT  TO  BE  REGARDED  BY 
:  :MPIACATI0N  or  OTHERV^D  as  in  any  MANN]  U  LICENSING  THE  HOLDER  OR  ANY  OTHER 
;  ^  OR  CORPORATION,  OR  CONi/EYIKG  ANI  RB^TS  OR  PERMISSION  TO  MANUFACTURE, 

,  OP,  SFLl,  ANY  PATEl^rGD  INVE>rrj’OH  THAI  .^Y  IN  ANY  WAY  BE  RELATED  THERETO. 


This  document  is  the  property  of  the  United  States 
Government.  It  is  furnished  for  the  duration  of  the  contract  and 


shall  be  retumecTwhen  no  longer  required,  or  iqx>n 
recall  by  ASHA  to  the  following  address: 

Armed  Services  Technical  Information  Agency,  Arlington  Hall  Station, 


Arlington  12,  Virginia  t 

NOTICE;  T?IS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE  | 

I 

NATIONAL  DEFENSE  OF  THE  UNTTEO  STATES  WITHIN  THE  MEANING  | 
OF  the  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  79S  and  794,  | 

TEE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  M  '  I 


CONFIDENTIAL 

HEADQUARTERS 

UARTERMASTER  RESEARCH  §  ENGINEERING  COMMAND 

U  S  AR.MY 


lECHNICAL  REPORT 

OMRE-i4 


Investigation  of  ballistic  protection  materials 

FOR  mSGNNEl  BODY  ARMOR 


PROGRESS  REPORT  I 


QUARTERMASTER  RESEARCH  S  ENGINEERING  CENTER 

QTEMICALS  £  PLASTICS  DIVISION 
MECHANICAL  ENGINEERING  DIVISION 
TEXTILE.  CLOTHING  &  FOOTWEAR  DIVISION 


DECEMBER  19S] 


NATICK.  MASSACHUSETTS 


CONEiDENTIAl 


CONFIDENTIAL 

iWAoouMrrrm 

OUAirrEKtaiTtR  NetCARtiH  ft  ENOIMEERINO  COMMAND,  Ut  ARMY 

orriM  or  I'HK  eoiiiM»nQi>n  mnhiai. 

Nxncm.  MAMAOHUfiCTTB 


Major  OanarcO.  Andrew  T<  HoNanara 
Tha  Ouart«m:atar  Oenaral 
Wilmington  25f  &•  C. 


Dear  Oenaral  MoNmarai 


Thi*  raport,  "InMit-Batton  of  Balliatio  Protaotlvo  Matariala  for 
r«rfcurui«il  Arwri^  it  Uia  firat  in  a  aariaa  prasaniinf^  anarg?  absorption 
data  and  balliatio  lladta  for  a  nusmur  of  naterlals#  The  investigation 
ia  axpeotod  to  piovida  infonuition  on  tba  design  of  ooxfxisite  armor  that 
iriU  ooidblnf  tba  protaotiva  qualities  of  all  Mtariala  used  in  the  aiaior 
8tTwitura< 


This  study  reveals  that  tho  ml  anile  retarding  and  stopping  properties 
•vf  those  materials  tested  varies  vlth  the  type  of  p,accrl.<l3  and  with  the 
vnlnett.y  and  slxe  of  tlie  dnrpantlng  misni.le.  Moreover,  it  has  been  found 
that  comlilnfltlons  of  materials  properly  positioned  in  the  amor  structure 
can  providn  greater  halllstlc  protection  per  ’init  weight  than  any  single 
I'.atorl, fil  contained  li\  tho  coirfioslto  amior. 


Sincerely  your a, 


1  incl 


Major  General,  USA 
Comriandlng 
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rawworo 


Th*  raco^Md  •fflcaey  of  uaer,  u  dnKi«tr»t«4  tte  Mtel  iMlmt 
la  World  War  Z,  by  fly«r«'  azBor  In  World  War  ZX,  and  by  tba  amDtr  foat  In 
Koroa,  iooa  not  obnato  tin  aood  for  prorldlaf  proboatlan  bo  tha  aoribat 
aoldlar  apdnat  battlafiold  maailaa  of  aiao,  Tolooity  aad  abapa  dlffarant 
froai  tboM  wbtab  aan  bo  dafMrtbd  br  IWmmM  Mmr*  flraator  praiwatlan  by 
amor,  ofulralMt  bo  gcdarlad  lado  ofCOablwo  bha  anU-varoaanal  waajpana 
of  tfaa  aaaay,  will  ronlt  in  OBWlns  addltiMal  Uwaa  and  araidlng  or  nlnl- 
nlalaf  of  injwrlaa,  wltb  oanaafuant  ■alntananea  of  bba  oaafeat  faraa. 

bqploratory  varlc  (VItU  Coanand  Taobnleal  Sapert  CP-$)  baa  abom  that 
tba  datalopniat  of  amor  praridUg  a  fraabo^  dagraa  of  yretaablan  aaana 
peaalbla  tbrobjli  tba  \wa  of  amor  anBtewBtlou  aanaiatlng  of  two  or  nora 
eanponant  nabarlaLi.  Bawwral  eanpMlbaa  of  two  mwannaiota  woro  to 

ittLve  bttJLlisiic  roitiatonca  .UmOm  t.laa  tbart  of  elbbar 

Of  afaal  amal  dnulty.  Tba  baala  anna ab ad  for  aalaebiaa  of  nabariala 
and  tbair  ordar  la  tba  amor  abraolnara  la  bbat  bba  Mwit  adrfaobivo  rabarda- 
blan  bo  aa^  tjeFoagwgt  bba  adaaUa-wti^-^  tmtor  aa^tba  nlsallr 

paaaaa  mia  tba  freiit<  to  tba  roar  of  tba  amor,  baba  abotlag  bba  affaeb> 
I'ftsnfiS  Of  satcrlala  isrfBV  a  wida  raoBgo  of  nlaalla  airUtlad  wolaaliiaa  and 
far  a  nurlaiiy  of  babtVifiald  nlaillaa  (or  niaalla  alnulabora)  am  ebnrleialy 
raqtirad  bafom  amor  aonatmoilooa  aan  ba  iaalvaad  wlib  blub  yorataobloa/ 
waldhb  mblM* 

Thla  la  tba  firat  raport  In  a  aarlaa  iatandad  bo  praiant  aaarcy  ab- 

aorptlon  data  and  balUat.lc  i-aaiitwifia  ilnits  (V50)  *  Tarlety  of 

ssaifirieJla .  Pv^H^Stlsa  at  thfisa  iata  vIjI  sa^  at  fratvoant  ir.fea’i—rtTs^ 
(TTsn  tbougih  the  phase  hoirw  InTWBt  Igatad  *ay  not  have  hean  eceroletad.  In 
ordar  to  reduce  tha  dojay  In  aaklULg  data  available  to  other  Oovemaant 
actiritlee  Intereailad  In  araorina  nen  and  aqulpaaent.  It  te  hoped  that 
early  release  of  th*  data  ob+alued  vtU  tenRflt  other  laboratorlea  con- 
dueting  reeearch  and  developwsnt  on  amor,  will  aaaist  in  avoiding  un¬ 
desirable  d’-rpUcetion  of  effort,  *ii4  will  ioforr  the  axrsor-uaiBg  aOTnelas 
of  vhat  might  be  expectad  in  the  future. 


Approved; 


JAMf!3  C.  BRARKJRD.  Col.  ,  QJC 

CosiiBLiidlng  Officer 
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Tbli  report  la  cite  firat  la  a  aarlaa  pnaaotlnc  aaax^  abaocrtloa 
data  and  balUftlo  raalataaoa  Uslta  (T^)  for  a  variety  erf  aatarlalf » 
TteM  data  are  eapeoted  to  be  aaeful  in  Malcalac  ecepoelte  pereoann''. 
araor,  eonalatlag  of  two  or  ■ere  dlaciallar  ecavaaaota,  tbiA  hsii* 
a  better  prorteetloa/eei^  mtlo  tbea  ilJDgl»«at«rial  axmer,  HhU 
report  preeenti  teta  cfebalaed  vlth  the  .SS  eallbar,  17  graia  TJ!  freg- 
■aot  elwUtlaa  projeetUe  for  nine  Mteriala  (oyloa  batting^  ayloa 
fabric,  Doroe  (a  glaaa  fabric,  polyeater  reela  laadaatei) ,  gLiSit,  poly- 
■athyl  Mtbaoryiate,  aluKlmai  alloye  2024^3  ud  aosb-dit,  titaalna 
alloya  aad  Tl»lliCA,  'AISI  301  eorroal'^.  realatlog  ateel  aad 

Badfleld  ateel) » 

T$ta  data  •  that  4b*4» 

ty  bouK  tu  atop  KLaallea  aad  to  retard  peaatratlag  adaiUes.  l^ba 
moariSf  by  p«g*twitiag  sLaeiles  divided  by  tbs  areal  (asrftse) 
deealty  of  the  eeterlal  vee  fowpd  to  be  Yelattity-depeBdaet  for  all. 

Tin  feiiKEtflBeMpe  betveen  aaterlkla  alao  eha&8^  vltt 
alaalle  atrlking  veloolty. 
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IHTBariOATKW  OF  BAIilSTIC  mCfOC^TfE  MATERIALS  FOR  PKRSOBHKL  ARMOR 


JJHROIWCTIOH 


Armor  vora  by  tba  soldier  bas^  geagrally,  ecmslsted  of  a  single 
proteetlTB  material.  When  aore  than  one  isaterial  has  been  used,  the 
reason  has  been  one  of  coavenlence  or  one  of  utilizing  a  specific  prop¬ 
erty  not  obtainSble  vith  the  material  chosen  specifically  for  Its  pro¬ 
tective  characteristics.  For  example;  the  non-protectlve  ftmctlons 
reqxtired  of  the  metal  helmet  shell  and  pl«.atlc  helmet  liner;  vhen  used 
separately;  have  led  to  the  use  of  tvo  <91s8lmilar  materials.  Another 
exaaq)le  Is  that  of  the  coaiolnaxion  of  overlapping  metal  plates  hacked 
by  nylon  fabric  used  in  Vorld  War  II  flyer's  annor.  In  this  case,  the 
comfort  of  fi-Jrie  vas  preferred  to  the  discomfort  of  metal. 

Within  the  last  twelve  years ;  several  investigators  have  proposed 
and  demonstrated  that  certain  specific  coafclnations  of  materials  possess 
a  higher  ballistic  resistance  limit  or  mlaslle'  stopping  ability  than 
single  material  armor  of  equal  weight  per  u  '  :  area.  Webster in  19^3  f 
on  the  basis  of  his  experiments;  caiculated  that  a  glaas-Doron  cendsina- 
tlon  was  superior  to  either  cosqxment  and  to  Hadfield  steel  eis  well;  in 
providing  pr^-ectlon  against  small  ar.as  fir®.  In  1953,  Weinberger  i 
Delcelller'^'  reported  that  the  ballistic  resistance  of  fabric  armor 
could  be  inci^ased  by  a  confoination  of  fabrics  which  took  maximum  ad¬ 
vantage  of  each  fabric’s  behavior  at  different  velocity  levels.  A 
practical  application  of  this  finding  was  the  use  of  both  nylon  and 
Portisan  fabrics  in  the  Canadian  armor  vest.  Also,  in  1953,  Weiner' 3) 
reported  that  an  improvement  in  ballistic  resistance  limit  was  obtained 
by  selecting;  for  the  front  layers  of  a  fabric  armor  structure,  a  fabric 
highly  resistant  to  shear  and,  for  the  rear  layers,  a  fabric  of  hi gh 
resistance  to  yam  slippage.  In  1955*”  1956,  Alesi(^)  proposed  and 
demonstrated,  with  titanium-nylon  fabric  and  polymethyl  aathacj^late- 
polyvinyl  butyral  caoposites,  that  armor  ccnslsting  of  dissimilar  mater¬ 
ials  heu?  greater  ballistic  resistance  than  any  one  conqxment  material  of 
equal  weig^  per  unit  ama,  pi'ovided  the  component  materials  are  properly 
chosen  and  positioned  in  the  armor  asseaSsly  with  i*e3pect  to  the  direc¬ 
tion  of  missile  approach.  The  co:i^>onent8  in  the  front  portion  of  the 
armor  are  selected  from  materials  effective  in  reducing  the  velocity  of 
the  missile  and  the  rear  comqposvsnts  are  chosen  from  materials  effective 
In  stopping  missiles.  In  this  armor  design,  each  component  opposes  the 
itLasile  in  the  velocity  range  in  which  it  is  most  effective  in  retard¬ 
ing  (and  ultijnately  stopping)  the  missile. 

Energy  absorption  (missile  velocity  lose)  data  for  various  mater¬ 
ials  tested  with  a  -mrlaty  of  battlefield  missiles  or  missile  simulators 
over  a  wide  range  of  striking  velocities  are  being  determined  at  ths  QK 
R&E  Center  to  perMit  the  design  of  la^roved  composite  armor.  This 
renort  is  one  of  a  series  presenting  energy  absorption  and  ballistic 
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r*iliit«ao«  (v.^  Haiti)  4*t«  o4rt«lmd  cm  ilacli  Mtirlilt  ladl  e«HQOilt«i. 
Data  vlU  ^  ^Miuatai  la  ih«  nrlei  tor  taiti  coe^tid  vlth  lolllMr 
.10,  <15,  aai  .Kfi  fra0Mnt  iloolatlni  pro^tllii,  fliebitt*c  (owi  or 
Bor*  tjrp*  or  vaJghtfteptadlng  1900  umllolrllity)  lad  l«w~«alf)rt  ■liillii 
of  rogulor  ftonitrlo  ooaflfuratioa  (ipfaini  ood  entbai) .  Tnti  will 
ooodwofd  at  TwXaaitlM  up  to  at  liait  4,000  foot  par  moocA.  Matarloli 
will  b«  tooted  la  tka  roofi  of  oxwol  doooltioo  swltoklo  for  porooaaol 
an»r,  til.,  10  to  40  OK&eoi  por  ogBife  foct.  74ie  r.»po:i.*t  preooato  •wuegjf 
ibiorptloa  data  oad  kalUotlo  rooiotoMO  Uaito  dotomiaod  witk  tko 
.22  coUlMr  137  fnconit  ilMilatlof  prejootllo  for  olao  aatorloli  toitod 
•lodlT*  (mp  ox  Baterlali  loelodoi  awtoli,  plutloi,  toxtllei  ood 

slaii. 
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Tte  Mt«rla.Tji  for  vbloh  tete  un  ir>»MlW  In  tkta  mport  u«  Hated 
in  Table  I. 

TABU  I.  Tblaknaaa  aaA  Areal  Deaelty  of  Materlala  Teated 

Inadaal 


HkteriiLl 

VOBlMl 

Thlcjkaesi  (lonhee) 

Arsel  SMelty 
(01.  p«r  fs*  ft.! 

lyloa  Armr  Febrle 

(3^  6  A  12  layue) 

it.e,  9-6  A  19.& 

tyleu  BkttlBf 

ae 

6,k  la*  13.1 

Doroo 

1/a 

19.2  *ai  21.1 

VloAdw  aius 

i/$ 

23,3  -  0‘O 

Mertelm  II  «  UTA 

Sk.o  _  @k.7 

Titulm  Allay  A-UO  AT 

0.063 

2^.0 

TitAalea  Alley  tl-lAo  A 

0.06iL 

8^.5 

AltBdja.=  .Mloy  SOZk  -  T3 

1/8 

29.0 

Aiuninua  Alloy  -  T4 

v't 

57.9 

AI8I  301  Corrosion 
Resisting  Stssl 

o.obo 

25.7  -  26.3 

Hadfleld  Steel 

0.063 

37.9  -  to.o 

A  djSBorlptlon  of  tbiSBe  eRverlitla  in  glir^r.  In  tb«  foHotwlng  «»ctlon. 
Fropertlei  for  soon  of  tbaia  MtArlala  aj)  «at)>bllthed  by  •peclfios'kiona, 
industry  stand&rdft  or  by  actual  tasts  ar«  KJifln  In  Appendix  A. 

WylfTO  Areor  Fabrla 

Tlic  nyioea  axeor  fabric  1b  a  standard  nyloo  arawr  fabric  pro- 

cm*a4  by  tbs  Ouartei^steT  Cvrps  tind#iir  Mill t-ary  8i'€‘clflcetioa  KIL--C- 
12369(A)  (QK),  31 -TaniiKi-y  1955. 

fabric  cfsistructlon  la  a  2  by  g  baaKat  vaay«  irith  two  eada 
weaTius  aa  oea  and  two  pjcta  i/atTlne  sa  one.  Tba  irarp  and  filling 
yama  consiot  of  five  pliec  of  giO  itnicr  3’^-file^*snt  mylai  flRlshsd 
to^thnr  with  3  to  t  tux'aB  par  inch.  Tba  fibers  ore  9.  high  tenacity} 
bright  fll!t»*nt,  nyl  '^p  66  (polybasiijssthylonw  adlpamldr  ) . 
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The  Miterl&le  for  vhleh  data  are  ireaenied  In  this  report  are  listed 
la  Table  I. 

TABIB  I.  Thickness  and  Areal  Density  of  Materials  Tested 

Baednal 


Material 

Nominal 

Thickness  (inches) 

Areal  Density 
(os.  per  so.,  ft.' 

Nylon  Amor  Fabric 

(3,  6  &  12  layers) 

1f.8,  9.6  &  19.2 

Nylon  Batting 

- 

6.k  and  13*1 

Doron 

1/8 

19.2  and  21.1 

Window  Glass 

1/8 

23.3  -  26.0 

Plexlglaa  II  -  UVA 

1/k 

2IF.O  -  2lF.7 

Tltanlun  Alloy  A-UO  AT 

0.063 

2l|-.0 

Titanium  Alloy  TI-I^fO  A 

o.o6ii- 

2k. ^ 

Alumlnus  Alloy  2021f  -  T3 

1/8 

29.0 

Aluminum  Alloy  202H'  -  T^ 

57.0 

AISI  301  Corrosion 
Resisting  Steel 

o.cAo 

25.7  -  26.3 

Hadfleld  Steel 

0.063 

37.9  -  ^-0 

A  description  of  these  materials  Is  glren  In  the  following  section. 
Properties  for  sons  of  these  materials  as  established  by  specifications. 
Industry  standards  or  by  actual  tests  are  glTren  In  Appendix  A. 

Nylon  Anaor  Fabric 

Tbc  nylon  amor  fabric  tested  Is  a  standard  ziylon  anaor  fabric  pro¬ 
cured  by  the  Quartermster  Corps  under  Military  Specification  MIL-C- 
12369(A)  (QIC),  31  Jsanary  1955. 

The  fabric  construction  is  a  2  by  2  basket  veare  with  two  ends 
weaTlng  as  one  and  two  picks  vatrlxig  as  one.  The  warp  and  filling 
yams  consist  of  fire  plies  of  itlO-denler  3^-fllaasnt  rylen  finished 
togait^mx  with  3  to  If  turns  per  inch.  The  fibers  are  a.  high  tenacity, 
bright  fllaaent,  nylon  66  (polyhexasMthylene  adlpaad.de) . 
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TbA  pkgrtlcal  ebaraicterlftlca  of  the  fahrlcB  axe  glrec  belov  (Data 
fro«  MIL-C-12369A). 


Weight  per 
Sq;uare  Yard 

-  .teg-O . 


Tama  per  Inch 
Warp  yiJJJijg 


Breaking  Strength 
(lbs.) 

Warp  Filling 


Ultlwite 
Elongation  (^) 
Warp  Filling 


ll^.O 


k6  850 


775  25  20 


Hyloo  Batting 


The  nyloD  batting  tested  la  an  ezperlaantal  product  of  the  E.  I. 
duPont  de  Heaoura  Coeqpaayj  Izm.  This  la  a  zton-voven,  nylon  fllaaent 
atroctnre  prepared  as  a  needled  batt.  This  product  la  Identified  as 
"nylon  non-iroiTen  balllatlc  batt  (candidate  for  belm^t  liner) It  vaa 
tested  In  areal  densltlea  of  6.4  and  13*1  ounces  per  square  foot. 


Doroa 


Doron  la  the  naae  glren  to  glass  fabric -lanJ.nate  amor  dereloped  by 
tbe  Quarteiaaater  Corps  during  World  War  II.  At  present.  It  refers  to  a 
specific  uni -directional  glass  fabric  cross-lainlnated  vltb  a  tberao- 
settlng,  vnsaturated  polyester  type  resin.  A  description  of  this  type  of 
amor  ■aterial  Is  glren  by  specification  lCIL-I-17368  (MC)  Insert,  Body 
Amor.  Dorm  of  1/8-lnch  nonlnal  thickness  froai  two  sources  vas  tested 
since  sufficient  Material  from  one  source  vas  not  sTallable.  One  vas 
Manufactured  by  the  Continental  Dlaaond  Fibre  Comgpany  and  designated 
grade  GB  -  AL.  Tbe  other  vas  flat  plates  taken  from  amored  clothing 
bellered  to  have  been  produced  in  1950. 

Glass 

Wlndoi^  glass,  obtained  from  replacenent  stocks  at  tbe  QM  R&E 
CooBBasd,  vas  tested  In  a  noeilnBl  thickness  of  I/6  Inch. 

PoljMetbyl  Methacrylate 

Plexiglas  II  -  UVA,  a  beat  zresistant  grade  of  cast  acrylic  sheet 
vltb  good  resistance  to  ultra-violet  radiation,  manufactured  bj'  Hotam  and 
Haas  Co.,  vas  tested  la  a  nccrl nal  thickness  of  1/4  ^Jlch. 

Tltaalua  Alley  A-llQAT 


Titanlv’u  Alloy  A-llQAT  is  a  single-phase,  80-caJl.ed  alpha-type  alloy 
having  relitlvely  high  strength  at  elevated  teaqwratures^vlth  excellent 
voiding  characteristics.  It  represents  the  first  cooMerclal  productlcn 
of  a  tltealun  aU^oy  cmtsiiilng  an  appreciable  quantity  of  tin.  and  vas 
derelopad  primarily  for  aircraft  structural  applications.  The  A-llQAT 
alloy  also  eepfelsieB  toughness,  sxccllent  fatisue  strength  and  high  creep 
strength  at  elevated  toqperaturea,  vlth  seachlnablUty. 
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Tl-Ualmi  A-UQAI  (HmI  Ho.  Jil'-Slk^dP)  was  procurod  tram  RoM^ru 
Tltuiva,  Inc. I  Pa.  by  tbo  McCord  Corp.,  Botroit,  Mleblgaa 

for  holaoboforiilaK  crtmluatloas  tmior  Coxtraet  QA19‘'3.29*^*'131>  >•* 
MotaLLUe  AUoya  for  HolJMt  AppUeatioas.  It  vaa  proctirod  to  IfeCord 
Corp.  •poelfleatloaa  ratter  ttea  to  ]OIr4-0090li6(AS0) .  Tte  thieScMsa 
vaa  0.0^  Isebi  tte  tesslty  O.161  Iba.  pai*  cable  inch,  aad  tte  aaterlal 
vaa  Im  tte  aanaaJad  eoadltloa. 

TltajKltitt  Alloy  Tl-l^tOA 

Tltaaltoa  alloy  Tl-l^KiA  la  a  tvo-phaaej  ao>ealled  alpte-teta  tjpa 
alloy  tevlag  ralativaly  bl^  atranHth  la  tte  aaaealad  coadltioa,  high 
taiqiaratara  atabllity  aaA  good,  lagiaet  raalataaea.  PoUovlag  tte  twaal 
patterm  la  tltajd.iai  alloy  davalopMat,  thla  alloy  la  prlaarlly  of  lm> 
tarart  for  elreraft.  BalUatie  lataraat  vaa  haaad  oa  potaatlally  good 
balllatle  aad  draoalag  (telant)  ebaraetariatiea.  Halaat  dbravlag  avalaa- 
tloaa,  to  data,  bava  act  eoaflzaad  pradlctad  good  dravablUty. 

Tltaai\a  T1-1)|QA  (Heat  Ho.  M30T3)  vaa  procured  from  Tltaalum 
Netala  Corp.,  How  York,  Hew  Torl^by  tte  Btireau  of  OrdnaBea,  Havy 
Dapartamnt.  Cbemleal  aaalyala  aad  mechanical  proparty  taata  were  per¬ 
formed  by  the  Haval  Qua  Factory.  (See  Appendix  A.)  It  waa  funlated 
to  the  McCord  Corp* ,  Detroit,  Mlehlgaa  for  helaet  forming  avaluatlona 
under  Contract  nA19-129-QK-151»  Rew  Metallic  Alloys  for  Helmet  Applica¬ 
tions.  The  thlekneas  was  apprrtxlte^ly^  0,060;^^^  *  the-  density 
lb3*rper  iitehl.  And  thC  material  iiiui  ;!®  Tte  oondition. 

Aluadaum  Alloy  202A-TA 

Aluminum  alloy  2024«d?4  Is  classified  as  a  high-strength  wrought 
alloy  and,  as  such.  Is  uied  extenslTely  In  aircraft  other  struc¬ 
tural  applications.  In  sheet  form,  tensile  strength  and  elongation  are 
about  equal  In  the  trensrerse  euid  longitudinal  directions.  It  la  a 
heat- treatable  alloy  and.  In  this  case ,  has  been  heat  treated  to  obtain 
the  tA  temper  (solution  heat  treated  and  naturally  aged  to  a  subaten- 
tlally  stable  condition)  •  The  numeral  ”  4"  Indicates  that  tte  product 
has  either  not  been  cold  vorted  after  heat  treatment  or  applicable 
speclflcatlona  do  not  recognise  the  effect  of  cold  work  In  flattening 
or  straightening  operations  after  heat  treatment. 

This  matexdal  was  procured  frow  the  n.  g.  Axay  Ordnaasce  Arsenal, 
Watertown,  Naaaaehuaetts  for  range  calibration  pturpoaea.  The  tblckmess 
was  0.250  inch  and  the  density  0.100  lbs.  per  cubic  inch.  While  manu¬ 
facturer  and  heat  are  not  knovn  In  this  case,  it  is  understood  the  mter- 
lal  iiaeta  the  re<iBlr«nBBt8  of  Specification  QQ-A-355.  (See  Appendix  A.) 

Aluminum  Alloy  202MP3 

The  major  difference  between  the  202l4-Tl»-  and  202M?3  alloys  Inwolwea 
proceaelng  after  teat  treatment.  The  T3  teaper  (solution  heat  treatment 

and  cold  vorkad)  applies  to  products  that  are  cold  worked  to  increase 
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vtrmagth  or  to  proftaeto  tueh  as  ahoot^  In  nMeli  ^  affect  cs  ggelMsaleal 
proportloa  of  stmliMonlng  or  flattoning  after  heat  treatnant  la  recog> 
alaad  In  specifieatlaaui. 

TAia  ■atarial  vaa  proanrad  froai  the  U.  8.  krmjr  Ordneace  Araeaal, 
Vatertoan,  Waaaachrsetta  for  raa^  ealitratloa  purpoaea.  The  density  vas 
0.100  Iba.  per  eiA»lc  inch  and  the  thloknaaa  0.125'lnc;h.  While  aaAufaetnrer 
and  heat  are  not  known,  this  naterlal  la  nadaratood  to  meet  the  reqnlre- 
aents  of  8peelfleaticai  QQ-A-355.  (See  Appendix  A.) 

AISI  301  Corroalon  Bealatlng  Steel 

AISI  301  corrosion  resisting  steel  ia  a  chroniuBi-nlckel,  anatenitic 
type.  It  la  non-Mignetle,  highly  ductile  and  nay  be  and^Jeeted  to  aerere 
fonlag  and  dravlag  eperationa.  In  the  annealed  condition,  it  haa  large 
capacity  for  cold  iroik  and  is  alntlar  ia  this  respect  to  Eadfleld  steel. 
The  AISI  301  tTpe  la  a  standard  atainlaos  grada  for  structtiral  appliea> 
tlona  as  It  coafelnea  naxlseai  strength  and  excellent  voxicebllity  vith  other 
dealreble  charaeterletlca.  Strength  is  not  increased  hy  heat  traataent, 
hut  nay  he  increased  froip^  approxtaately  90>000  PSI  to  185,000  P8I  by 
cold  working. 

The  AISI  301  steel  used  for  these  teats  vaa  procured  by  Ccaartoek 
and  Vescott,  Inc.;  Gahbridge,  Mass,  for  use  la  Contract  DA19’*129~QK*^20, 
Derelopsent  of  kSertallie  Pers<mnel  Amcr  Materials  and  Coapenenta.  It 
vaa  purebaaed  cosBasrelally  riitber  than  to  Specification  Qft-S-00766  (Havy 
S\nreau  of  Ship*) 3  the  heat  li  not  knovn.  The  thickness  vaa  O.o4o.inch, 
d^ialty  0.290  lbs.  per  cubic  Inch  and  ths  aatsrlal  vas  in  the  annealed 
condition. 

Eadfleld  Steel 


A\28tenltic  nanaganese  steel,  also  caUad  Eadfie3d  ste^l  after  its 
Inventor,  is  an  extrensly  toughs  non-angnetic  steel  alloy  characterised 
by  relatiTBly  high  strength,  high  ductility,  large  capacity  for  vork 
hardening  and  excellent  vear  resistance.  A  vork  hardening  capacity  fro* 
about  Rockvell  B90  (annealed)  to  Rockwell  C52  is  reported.  As  rolled  or 
as  cast  ■atortal,  it  la  noraaHy  given  e  "tougbeninj^  (annealing)  treat - 
aent  hy  heating  to  approxiJBntely  lj85<ft’  and  quenching  in  vatcr.  It  is 
interostlTig  to  note  th^  heating  annealed  or  vark~hardaned  naterlal 
above  approxLaataly  50<SP  will  cause  eafcrlttlensnt  and  Inpalrrant  of 
desired  aecbanical  properties.  Tha  pz-operties  of  Eadfleld  steel  are 
applicable  where  high  shock  resistance,  toughness  end  ahsorptioe  of 
energy  are  required  at  relatively  low  Tslocitles.  For  this  reasen, 
Eadfleld  steel  is  extenslTsly  used  in  such  Isdcstrles  as  construction. 
Brining,  quarrying,  dredging,  and  rail-roadixig,  riiere  it  is  Incorporated 
In  rock  crushers,  grinding  mills,  dredge  bxKdtets,  railroad  frogs,  etc. 
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The  Haduri'^ld  •'Uiel  reported  tamln  vae  oibtained  from  the  U.  S.  Pirmj 
Ordnenee  Areeu&l,  Vetertown  72^  Massaehtieetts.  The  thlclmese  vae  0.055  iach. 
denelty  0.256  Iba.  per  etible  lach  and  the  Material  eaa  In  the  azmea}.ed 
condition.  This  steel  la  understood  to  be  surplus  from  the  World  War  II 
era;  sad,  althouid^  asimfae&urlag  data  and  heat  Identification  are  not 
aTollaible^  It  Is  understood  to  hate  been  purchased  to  Specification  MIL- 
A-'13^9  (OBD)  .  It  should  be  noted  that  Hadfleld  steel  sheet  of  rela- 
tltelj  light  genges  Is  nr/t  readily  arailahle  In  peaeetlae  since  the  only 
Imova  use  of  a  llid^t  gauge  Material  Is  by  the  Aray  for  helssts.  The 
U.  S.  Any  Ordnance  Arsenal,  Watertovx^la  presently  the  only  known 
source  of  processed  Material. 
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iMtrw— ntatlon  for  ltL«»lle  yttloclty  Ifeanur— enta 

Tb«  iJurtrvMntatloii  used  In  tu*  BMiatireaeitt  of  projectile  Telocltles 
cocuilste  eeeentlally  of  two  anjor  coaponents:  (a)  two  photoelectric- 
tjpe  detecting  ecreene  set  a  known  distance  apa:^  to  detect  the  paesa^e 
of  the  projectile  and.  (b)  an  electronic  interral  counter-chronograph 
which  indicates  the  period  of  tlae  required  by  the  projectile  to  pass 
froa  one  screen  to  the  other. 

The  screens  used  to  detect  the  passage  of  the  projectiles  are  Putter 
High  Velocity  Luailine  screens  asnufaetured  by  the  Potter  Instruaent  Co., 
Inc.,  Qreat  leek,  lew  York.  These  screens  contain  a  11%'ht  source,  photc^ 
aoltlpllar  tvibas,  aapllfler  and  output  circuits.  The  action  of  the 
screens  is  such  that  passage  of  the  projectile  through  the  plane  of  light 
falling  iq>on  the  photoaultipller  tube,  by  decreasing  the  light  intensity, 
produces  an  electrical,  i^phlse  in  the  output  circuit  of  the  photoaulti¬ 
pller  tvd>a.  Following  the  photoaultipller  tube  are  t'nree  stages  of  am¬ 
plification  which  sarrs  to  raise  the  signal  level  generated  by  the  photo¬ 
tube  to  a  value  sufficient  to  trigger  the  output  signal.  A  thyratron 
discharge  circuit  coaprlses  the  output  and  supplies  a  positive  pulse  of 
approximately  60  volts  to  the  chronograph. 

The  Potter  Counter  Chronograph  consists  of  a  power  supply,  gating 
circuit,  cQ\mting  circuits^  and  crystal-controlled  oscillator- that  eadts 
a  contin\ious  train  of  pulses,  with  an  accuracy  of  several  parts  per 
Billion,  to  the  counting  circuits  through  a  gating  circ'oit.  The  pulse 
from  the  output  of  the  first  detecting  screen  electrically  opens  the 
gAting  circuit,  thus  directing  the  oscillator  pulses  to  the  counting 
circuit.  The  counting  circuits  continue  to  receive  and  record  the 
pulses  until  the  isqpulse  from  the  output  of  the  second  screen  closes 
the  gating  circuit  and  teminates  the  counting  action.  The  counting 
clrcvdts  consiat  of  decades  of  aultivlbrators  which  register  the  time 
period  on  the  face  of  the  chronograph  by  aeans  of  lighted  neon  bulbs. 

The  average  velocity  ("instrumsatal' velocity”  )  of  the  projectile 
in  traversing  the  distance  between  the  light  planes  of  the  two  screens 
is  calculated  by  dividing  the  time  regist-exed  by  the  chronograph  into 
this  distance. 

Correction  was  made  for  the  reduction  in  velocity  of  the  nriLssile 
Incurred  as  a  result  of  air  retardation  in  traversing  the  distance  from 
the  tnldpoint  of  the  screen  system  to  xhc  target.  This  convKJtion  was 
based  cu  flight  characteristics  cl  the  .22  caliber  T3T  fragment  simu¬ 
lating  projectile  previously  determined  In  the  Center's  ballistic 
range. drag  coefficient  values  eind  the  equation  used  to  calcu¬ 
late  velocity  at  the  target  are  shown. by  the  following  equation: 
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’  ’  I  (1  -  taa) 

Wber*  V  -  Telocity  »t  terget,  feet  per  second 
d  -  distance  between  screens >  feet 
t  ■  tlSM  for  projectile  to  trarel  distance  d 
(tlae  recorded  by  cbroaographs) ,  seconds 

^  -  ’*instrtBMntal  Telocity" 


X  -  dlslMmce  between  midpoint  of 

screens  and 

target,  feet 

e  -  air  density  (assumed  to  be  unity) 
k  -  dreg  coefficient  (warles  with  Telocity 

as  follows): 

Velocity,  feet 

k 

per  second 

0.0028 

700 

0.0033 

800 

0.0038 

900 

0.00^3 

1000 

O.OOliS 

1100 

0.0050 

U50 

0.0053 

1210 

0.0055 

1300 

0.0055 

abore  1300 

Vqf)  Ballistic  Resistance  Liadt 

The  ballistic  test  setbod,  as  naed  to  eraltaate  nylon  armr 
fabric?  for  acceptance;!  was  followed.  Tbis  nsthod  is  fully  described  in 
Ap.endix  B  of  this  report.  The  diagram  in  Figure  1  sbovs  tbe  equipment 
axTcngeswnt  for  determlnl;;^^  ballistic  resistance  11ml ta  and  missile 
Telocity  loss  data.  Typical  operating  distances  between  elmsents  are 
2-1/2  feet  between  screens «  2-1/2  feet  between  the  target  and  the  nearest 
screens;  and  ^  to  6  feet  between  the  gun  and  the  first  screen.  This 
method  of  ballistic  eraluatlon  determinss  the  Telocity  at  which  there  is 
a  ^0  per  cent  statistical  probability  of  the  armor  defeating  the  isroact- 
ing  miasllec 

Enerfcr  Absorption 

The  energy  ebaoxbed  by  a  material  in  retarding  a  missile  pcssisg 
tbrougb  it  vaa  aasmaid  to  ba  equal  to  the  loss  in  Icinetlc  energy  of  the 
sda^iel  Pairs  of  lumillno  I  screens  were  IzxstcQJLed  in  front  of  and  be¬ 
hind  the  target  material  in  order  to  deteimlne  the  Telocity  of  the  ada- 
aile  before  and  after  penetration.  The  mlsalle  kinetic  energy  lota  was 
calculated  from  measuzemsnts  of  the  striking  and  .residual  Tslocltles  of 
the  Biasila  and  is  equal  to  the  product  of  one-half  the  waA^rt  of  ihe 
aiBSile  and  tbe  difference  in  the  squares  of  t".  ^  striking  askd  residual 
Talooitles  (assuming  no  change  occurs  in  the  w%^lght  of  the  jtdssil*) . 
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fh»  0n»Tgj  d.lTld*d  bjr  tint  «r*al  (purffte*)  teoaltjr  of  tb*  Mtorlol^ 
vbftn  pjLott-*d  a»  ft  fttaotlon  of  th«  BirDclDg  valocltjj,  ftaftblft*  aoparltou 
to  b«  oftAft  WtWMgn  mborlftlft  of  Alfforftnt  lurftftl  donaitioft.  Tb*  mgmrgj 
ftboorption  (Btsallft  klMtlo  tatrgf  lot*)  diTlted  by  th#  ftrotx  Anuity 
of  tb«  afttoriftl  iB  ftxprosiod  oft  sralDi  tlaaft  ft.^/aftc.^/ot.  ft.^ 

Tftftt  6?ftM>1ftft 

Tb«  ftlM  of  bft^i.  ftft^ploa  for  poat  aptorlftla  toatM  vaa  ftpproalaatftiy 
l£  }(  iBobaa  and.  potBtoA  in  ft  from  fftolac  tba  gan.  Tbroo  ela^ya  on 
•fta]i  of  tbo  >prtl«ftl  (l2>lneh)  aldaa  bald  tb*  patorlnl  flnly  in  tba 
frajfea  during  firing.,  IndLLrldiua  flrlsga  war*  apnaod  at  two-iaeh  Intor- 
Tali  oo  tba  taat  afttarlal  by  aovliig  tba  fraaa  in  altbar  a  Intaral  or 
Tarfelcal  dlraatiaa.  la.  auM  vbant  Vm  a— pi  a  alaa  aaa  ftpstpaadnataly 
12  X  U  Inahaa  (aaaa  of  tba  aataJa)^  oaw  aite  vaa  bald  in  tba  targat 

fFiBft  »iO»  till  a ■  «■?(#*  55*  555  Si  wit  hti'  hj  ^ 

bftj'  and  tvo  elappa.  Tba  aai^la  olaa  naad  for  vlndow  glaao  and  Plazlglaa 
WM'  t^^-ls£b  s^^ssTs.  tbstss  sisras  v«r«  bslft  in  •  Htal  fnip  vith 
tMilva  opacLlnia  2^3/k  x  2-3 A  Iv^bar  wv**<gg  aroisd  ^nb. 

op«rnji!g  tmm  tiaed  to'  bald  tba  agnaras.  Tbla  fraaa  vaa  alappad  in  tba 
tas'gat  frajBft  In  tba  aaaa  fftaWcs  «  tbo  IS  »  IJ 


Tbi  araal  (surf aaa)  danalty  datoralnatlODa  of  the  taxtlla  fabrlea 
vaza  aada  by  traigblag  two-tosb  dia..^«t  aganraa  In  an  aaalytleal  balaaaa. 
Tba  anal  d»nal'.«iaa  of  aatnUlo  aad  plnatla  aatariala  vara  datandnad 
by  irali^ilail  tba  taat  paaal  to  1/6  oaaaa  aad  aaaaiirlng  Ita  langtb  aad 

vldih  to  1/38  Inch.  Tblcknaai  of  aBjaple#  (a.T^eip^  far  fabrlea)  waa  neaa- 

ur«'l  io  0.003  ln''b  by  a  alcroaieter  er  dla.3  b*^>S*  bblekn^BH  indleat-Oi'. 

Tget-  Prajgct,i  ^  and  Unn 

All  bal-Uscic  taaxityi  vm  carrl«A  out  with  th^  rpHber,  17 
grf.tn  fragment.  BlmuLlAtor.  A  akatc'i  T.rle  projiee+.l le  !■  ahovn  In 
Ap7«viillx  B.  Tbla  proJactllR  vaa  flrwl  by  .22  caliber  rifles;  a  U.  S. 

3p  ,'lagf  leild  Araory  Kj.922  K2  vae  lo  th-  »i?i{v;it.y  rang#  up  to  approad- 

nately  2J!O0  feet  per  aecond  and  a  Wlaebaatar-  Model  *43  Hornet  woe  uaed  in 
tine  rsngiii  of  2200  to  >+<XXl  feet  p*r  eeccud.  The  “Iflea,  with  tine  atoeha 
removed,  were  brt'id  b.y  a  ej)! 1 1- cellar  arrangext*? rt  rigidly  Bounted  on  a 
euppiirttnjn  table. 
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Tba  r«culta  ar«  presented  In  graphical  fon  as  Figures  2  through 
11.  The  first  ei|^t  graphs  present  the  indlYldual  iresults  for  each 
Talld  round  vlth  the  energy  ahsoihed  (loss  of  missile  kinetic  energy) 
dlTlded  by  the  areal  density  of  the  material  plotted  against  the  mle- 
sile-etrlklng  Telocity.  Figure  10  shoes  nine  curres  representing  the 
indlTldual  saterials  plotted  in  the  same  fashion.  Figure  U  shows 
curres  of  ballistic  resistance  limits  rs.  areail  density  for  four 
of  the  nine  materials  xeported  upon  herein.  These  were  taken  from 
Aberdeen  Proring  Ground  data.(^)  StQmrl^posed  on  Figure  10  are  Indl- 
rldual  7^  ba^JIistlc  resistance  limits  obtained  for  the  materials 
used  in  the  energy  absorption  tests. 

The  degree  of  scatter  Indicated  in  Figures  2  through  9  is  not 
uniform  for  all  nine  materials.  Hylon  fabric  and  the  tltanlun  alloys 
show  greater  scatter  than  tbs  other  materials.  The  region  of  high 
scatter  for  the  titanium  alloya  appeaors  to  be  confined  to  the  striking 
velocity  range  of  l800  to  2U00  feet  per  second, 
of  scatter  are: 

a.  Non-homogeneity  of  material  (e.g.,  a  woven  fabric  struc- 
t\ire  may  not  have  the  sa^  nimiber  of  yams  struck  each  time  by  a 
missile) 


b.  Error  In  calculated  velocities  due  to  change  in  drag 
coefficient  as  the  res\ilt  of  missile  deformation,  ihetensive  missile 
deformation  was  noted  in  the  case  of  glass  ^  titanium  alloys  Had- 
field  steel;  no  dsformatloc  was  produced  by  the  other  materials. 

c.  Error  in  calciilated  velocities  diie  to  premature  trigger¬ 
ing  of  screens  by  armor  fragments.  Missile  impact  produced  armor  frag¬ 
ments  to  some  degree  for  all  materials  except  nylon  fabx^C;  nylon 
batting  and  Doron.  Numerous  fragments  were  produced  upon  an  impacts 
with  glass  and  Plexiglas.  A  cylinder  was  punched  out  of  the  aluminuni 
alloys  with  each  round  fired.  In  the  case  of  the  titanium  alloys, 
stalxiless  st<;el  and  Eadfleld  steel,  the  tendency  was  for  the  isetal  to 
petal,  i.c.,  the  iaqpacted  area,  deforming  to  the  rear,  tore  Into 
several  sections  but  remained  attached  to  the  sheet.  However,  "petals" 
were  ejected  very  often  from  the  titazil''im  alloys  and  stainless  steel 
sheets  and  Infrequently  from  the  Eadfleld  steel.  Prior  work  eonductad 
with  lightweight  materials  plncod  back  of  the  target  materials  to 
"filter  out"  the  amor  fragments  showed  that  the  energy  absorption 
characteristics  obtained  with  aod  without  the  "filters"  were  the  same. 
Besults  for  individual  rounds  which  were  obviously  erroneous  (attributed 
to  prsaature  screen  triggering)  were  discarded.  Only  a  amen  nva4»er  of 
such  results  were  obtained. 

The  use  ol  the  ratio  of  energy  absorbed  to  the  ai’eal  density  instead 
of  energy  ab8ox1>ed  appears  to  reduce  the  results  to  a  ccanmon  basis 
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rsgardlAss  of  ar^saJ.  danaltj^  aljiea  the  resxilts  for  the  aajsa  aaterlal 
taated  In  dlffenmt  oraal  dansitlaa  appear  to  be  the  saaM.  (See 
Flgurea  2  and  3  tftr  nylon  cloth  and  nylon  batting.)  Thla  ratio* a 
apparent  independa-nee  of  areal  denaity  vlll  be  further  InTeatigated. 

The  energy  abaorptlon  per  tsiit  areal  danaity  Taflea  vlth  atrlklnf 
TBloclty  for  all  Kiterlala.  figure  10  abova  that  the  ahape  of  the  curves 
are,  to  varying  extenta,  concave  nc^farda  except  for  the  linear  relation- 
ahlpe  plotted  for  Hadfleld  and  stainless  steels.  Tiro  aaterlals  ahov 
■Inina  (nylon  fabric  and  nylon  batting) .  1  'ost  effective  energy 

absorbers  at  the  lover  end  of  the  velocity  range  standard  (belov  l600 
feet  per  second)  are  nylon  batting  and  nylon  fabric.  The  batting  Is 
distinctly  sapexior  to  the  fabric  at  low  velocities,  equivalent  at 
about  1700  feet  per  second  and  only  slightly  superior  at  higher  velo¬ 
cities.  In  thej  inteneedlate  velocity  range  of  l600  -  2600  feet  per 
dc^cond,  the  tltanlua  alloys  are.  the  best  aaterials  evaluated.  Above 
2600  feet  per  second,  glass  Is  the  best  energy  absorber.  Extrapolation 
of  the  curves  beyond  ^iOOO  feet  per  second  Indicates  that  addltlcmal 
crossing  of  the  curves  nay  occur  and  that  nylon  batting,  aluainua  2024 
and  Plexiglas  II-UVA  say  be  aacng  the  best  energy^ab  sorbing  naterlals. 

The  V^Q  ballistic  resistance  Units  for  the  nine  materials  are 
plotted  on  figure  11  vhlch  also  shows  7^  ballistic  resistance  limits 
vs.  areal  density  curves  for  four  of  the  nine  materials.  (All  V50 
limits  shown  are  for  the  .22  caliber  T37  fragment  simulator.)  Of  the 
four  materials,  the  observed  limits  for  the  aluminum  alloys  nnd 
Hadfleld  steel  fall  slightly  airove  the  curve*  representing,  the  Aberdeen 
Proving  Ground  data.  A  cca^parlson  of  the  four  c^irves  shows  that,  over 
the  areal  density  range  of  10  to  60  ounces  per  sr^uare  foot,  alualnum 
2Q2/r-3l8  distinctly  inferior  to  the  three.  Hadfleld  steel  ap¬ 

proaches  Doron  and  nylon  fabric  at  about  the  mlldle  of  the  coreal  density 
range.  Hylon  fabric  Is  better  than  Doron  below  36  ouncea  per  square 
foot;  Doron  Is  batter  above  this  areal  density.  Hylon  batting  Is 
slightly  better  than  nylon  fabric.  (Two  Vcq  limits  of  IO73  and  IOI6 
feet  per  second  for  an  areal  density  of  6.4  ounces  per  square  foot  are 
not  shewn  by  Figure  11.)  Stainless  steel  301  Is  Intcxvadlate  between 
Hadfleld  steel  and  aluminum  at  the  one  areal  density  shown.  Tltaxdum 
alloy  Ti-l40A  at  24.5  ounces  per  sauaxv  foot  has  a  Vjq  limit  approxi¬ 
mately  equal  to  that  of  nylon  fabric.  Titanium  alloy  A-UOJIS  Is  In¬ 
ferior  to  nylon  fabric  at  24.0  ounces  per  square  foot.  Plexiglas  II- 
UVA  has  a  7m  limit  at  24.5  ounces  per  square  foot  approximately  equal 
to  that  of  Sluminua  2024-T3  and  2024-T4.  Glass  has  a  very  low 
limit  of  392  feet  per  second  at  an  areal  density  of  26.0  ounces  per 
square  foot  (not  shown  on  Figure  U) .  . 

Materials  that  have  high  ballistic  resistance  Umita  and  high 
energy  absorption  (somawhere  within  the  areal  density  and  striking 
velocity  ranges  studied)  are  nylon  cloth,  nylon  batting  and  the 
tltanltm  alloys.  Glass  Is  a  material  with  an  exceptionally  low  Vcq 
limit  btxt  high  energy  absorption.  ^ 
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Figure  11.  Ballistic  Limit  of 
Armor  Materials  for  Caliber  ,22,  1? 
Grain  Fragment  Simulator 


The  three  most  effective 
energy  absorbing  materials 
are  well  suited  as  components 
in  composite  armor  since  each 
material  is  most  effective 
over  different  portions  of 
the  missile  velocity  range. 
Titanium  alloys,  glass  and 
nylon  textile  materials  will 
bo  tested  in  two-  and  three- 
component  systems  to  determine 
combinations  that  are  more 
effective  than  single  materials. 
To  obtain  optimum  ballistic 
resistance  characteristics  in 
annor,  each  component,  ac¬ 
cording  to  the  present  concept 
of  composites,  must  be  selected 
and  positioned  so  that  it  op¬ 
poses  the  missile  in  the 
velocity  range  where  it  is 
the  most  effective  missile- 
retarding  material.  For 
example,  by  reference  to 
Figure  10,  if  the  missile  to 
be  stopped  has  a  velocity  of 
2000  feet  per  second,  the 
components  selected  would  be 
a  titanium  alloy  positioned 
in  front  and  nylon  batting 
in  the  Mar  of  a  composite. 


The  proportion  by  weight 
of  each  component  in  a  com¬ 
posite  system  can  be  appro3&> 
imated  from  enargy  absorption  data  calculating:  (l)  the  csovmt  of  the 
front  component  inquired  to  reduce  the  striking  velocity  of  the  missile 
to  the  velocity  where  the  encr^  absorption  curves  for  it  and  the  adjacent 
component  material  intersect,  ^2)  the  amount  of  the  intenaediate  components, 
in  the  same  manner  as  the  front  component  using  the  reduced  missile 
velocity  as  the  striking  velocity  for  this  component,  and  (3)  the  amovsnt 
of  the  rear  component  required  to  reduce  the  missile  velocity  to  zero. 

Tests  to  verify  synergistic  effects  and  ccxnponent  weight  proportions 
of  composites  will  include  ballistic  resistaice  limits  and  energy 
absorption  determinations,  ffie  recvuLte  of  these  tests  will  bo  reported 
in  the  near  ftiture. 
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AXnSIDIX  A 


PRORRmS  OF  MASStlAI^ 

Titanlxni  Alloy  A-llOAT 

ChaaiBcal'C  cBiposltl«c 

As  Specified  in 
MIL-«-009046(ASQ)  (a) 

Rem  Cru(h) 

AlualBum 

4.0  -  6.0 

4.6 

Tin 

1.5  -  3.5 

2.7 

Iron 

0.20  Max. 

Carhon 

0.10  Max. 

0.10 

Nitrogen 

0.070  Max. 

0.06 

Hydrogen 

0.0175  Max. 

0.0148 

Oxygen 

O.aO  Max. 

Other 

0.80  Max. 

Titanium 

Remainder 

(a)  Military  Specification  MIL-T -009046 (ASO)  Titanltia  Alloy,  Sheet  and 
Strip. 

(h)  Rea-Cm  Titanium,  Ino.,  Midland,  Pa.  certified  analysis. 


Mechanical  Properties 

As  Specified  In 
MIL-T-009046(ASG)  (a) 

Rea-Cru.(d) 

Typical  (c) 

Tensile  sti^ji^ba  (PSi) 

12qp00  Min. 

136,000(h) 

I25jpoo 

Yield  str?mgth  (PSi) 

( offset) 

liqpOO  Min. 

132,000(h) 

12qp00 

Elongation  {$) 

10  Min, 

17.5 

18 

Y  Notch  Charpy  Ispact 

ft-lb  -  at  75fp. 

ft-lb  -  at  -UOlOy. 

Hardness  (Rockvall  C) 

19 

IS 

30-35 

Pootnotse  on  next  page , 

S  '  a  ‘ 
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(a)  Tbft  alnlifai  dliT«r«nett  batman  nltlmte  tansils  strssftb  S5£  jrl«l« 
•traacib  sball  b«)  l^pOO  F8X. 

(b)  It  vUl  b«  aoM  tlMt  th«  mtarial  4o«s  not  met  tbo  alnlw  differ- 
ence  of  19POO  FBI  between  teneile  axid  jleld.  strength* 

(e)  Rea-Cru  Titealm,  Ine.^  Midland,  Pa. 

(d)  Bea-Cru  certified  testa. 


£1 


Tifnlwi  AlXoy  Tl"l>lCA 


Cheaactc*!  Capoaltlon 


Am  8p«elflftd  la 
liZL^-0090^ 


la^ml  Gm 
ractotry 
Aaalyala('b) 


Iron 


1.0  -  2.5 


I/.96 


Chroalua 

Moiybdsavii 

CiSkXlKa 


1.0  -  2.5 
1.0  -  2.5 

0.20  Mas. 


1.72 

1.95 

0.06 


Nltrogan 


0.70  Max. 


Hydrogen 


0.0150  Max. 


Oxygen 


0.20  Max. 


Othera 


0.80  Max. 


Tltaalna  Reaaln4er 


(a)  Military  Specification  NIL-7 -0090^ (ASO)  Titanium  Alloy,  Sheet 
and  Strip. 


(d)  See  Section  Materiala  Tested. 


Mechanical  Fropertlec 

As  Specified  In 
MIL-^-0090ii6 
(ASG)(a) 

Haval  Gun 
Factory 

Testa  (b,<j) 

Typical  (d) 

Tensile  strength  (PSi) 

12CVQ0&  kin. 

l^poo  L- 
iii^Doar^  . 

i3qpoo  - 
i5qpoo 

Tleld  Strength  (fBl) 
{•2]L  offset) 

nc^OOD  Min. 

136^8001- 

13^0007 

isqpoo  - 

13^300 

Elongation  (^) 

10  Min. 

11^.5  L-  12. 9T 

12  Min. 

Y  Hotch  Qharpy  Isg>actt 

ft~lb  .  at  755^. 

22 

ft-lb  .  at 

18 

Hardness  (Rockwell  C) 

(a)  The  miniiai  difference  between  ultimate  tenaile  strength  and  yield 
strength  ahall  be  IQPOO  FSI. 

(b)  It  will  be  noted  that  this  material  does  not  meet  the  wrftiiie* 
dlfferetce  of  IQOOO  PSI  between  tenaile  and  yield. 

(c)  L  -  longitudinal  T  s  trasaTerse. 

(d)  TitanlTOT  Metals  Coip.  ,-  New  Tork,  Hew  TorJr,. 
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Alvmtam  Alloy 

^  As  8p«eltl«4  In 

ChawlciQ^Sppoaltloo  Oft-A-^gCn) 


MacneslisB 

1.2  -  1.8 

Copper 

3.8  -  k.9 

JtKOgKM’tM* 

0.3  -  0.9 

Ghraad«t<« 

0.10  Max* 

Iron 

0.90  Max. 

Silicon 

0.90  Max. 

Zinc 

0.25  Max. 

Others  (each) 

0.09  Max. 

Others  (total) 

0.19  Max. 

Alvodsias 

Reealnder 

(a)  Fadaral  Spaelflca^on  QQ-A-3$5  Alunlnun  Alloy  (2lt8) ,  Plate  and  SlMet 
Blechanlcal  Properties  As  Specified  In 


Tensile  strength  (PSI) 

62vPOO.Jiin. 

66^000 

field  strength  (PSl) 

{,2f}  offset) 

M^OOO  Min. 

'4a,«oo 

Slongatlogo.  (^) 

12  Min. 

20 

V  Notch  Charpy  Inpact 

fUlb  .  at  7^. 

12 

ft-lb  .  at  -10^. 

12 

(a)  Nttals  Handbook,  Aaerlcan  Society  for  Itetals,  19b6. 


AliIttMK  AUoy  flDgV-T3 


Ill  ■■■ 

1 

As  IfMifiaA  Xn 

TMLMKk) 

ToisLls  i&tegth  (f92) 

7^ 

TttlA  itMnctfa  (MX) 

(.8^  ottm^ 

iii|xx>  mjn. 

yfoo 

ILoaifeUan  (^} 

17  Bta. 

Id 

H  Sotak  OMfsar-Z^^ 

fv-iW  KV  *3^?. 

JJit 

lCV4b  .  ftt  -109^. 

u 

(■.}  4Q'A-3S$  MiHdiMi  AU07  (ate)i  PIM*  mA 

&«««• 


AXBl  30^  Corjpotio  8t— 1 

C«lt%M 

SioiW 

CkroBlwi 


Am  BpMMltiMi,  X« 

tm-m-wrr^ 

(i>iorBigMLyJ(aV 


SlUft«ii 


■itlAi* 


O.ljt 
e«w  RUL. 
mm. 

i.o  Mm. 
!»«»  Mix. 

6^31 


w 

o.oe  -  o.ao 

0.00  -  d.OQ 
16.00  -  16.00 
a.oo  Mu. 

1.00  Mm. 

OtiFfivfi  VASi. 
0^10  MUi. 


ntitttlf  «ML  6^9  «  CaarrortOl  llMifWaK. 

\0}  MPjmw  MMUOMI  St«*l  lUMEbOOMj,  XapMUUUl  BlMMl  C«rf., 

Hi  lioitliai  Tl  . 

(ftSSSSlk)  ta^mM 


TeMllii  (PMT) 

"5  $  vST'^s^vfe  (  ?SI } 

(0.2jt  cff»et) 

Klongfttloo  (^) 

EkrdoeBB  (EdckvsXJL  £) 

SolMsS  Charpy  InpR-jt 

n-.tb  *t  75*^ .  to  -ifO^y. 


75jOOO  Wn. 


50  Kls. 


9^  Mu. 


90,000 

»t0,000 

50 

85 

6g-9g  (Bujicrox.) 


(a)  F*publlc  XsAtiro  BtAlnlacs  Stsex  Easi^ooh,  FepvOillc  St«al  Corp., 
C'lBYBlaad,  Cblo. 
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Afl  SpMlfltd  la 

(>) 

i.ao  -  1.90 


^iwlcajl,  Cowpoultlon 
CwtiMB 


NaafwM*  M  -  15 

BUiMn  0.55  Mu> 

nMUjlKtfOtta  O.oe  MX. 


Balf«r  0.0<i'  Mx. 

{*}  mutiirjr  SfaamaxBioa  IIXW-l3ara-(M^  Amp,  tert  ud 

giii^  MBBrtiOj  MA  pMar  j!l94rtyLii<Be^ 


-ggrtgl  la  gte^:^  ^SX)  - - - ^ — 

strssstis  (Kl)  50,<^  - 

BlaasKtIm  ()()  ko  m  60 

BatignfB^Byy  (f ). .  SJ.^-.5o. 

Hwrdtwaa  (Rockwall  B)  85  -  93 

V  Notch  Ctaarpjr  Ix^iact 


r_.  ;.h  nt  75*f. 


9<J  ••  ■'.50 


(a)  Hatal*  UxaAbook,  A»«rlc«i  Sooiwty  for  JtetJil*  19^8.  (Applicable  to 
i-lnch  x'ovmda.) 


WOTS;  The  Que.i'tcz-iBaettfr  RS£  Gri~nin»rid  pleua  to  perfors  cbodciil  enalTBce 
and  jMic)i»-iioal  property  teete  on  aetnl*  as  a  gensral  procedure  In 
tbji  xutwe.  Paclllt.le*  to  perfor®  the  eaaljow®  waro  not  ccswpleted 
at  the  tl»a  this  report  van  aeseablod. 


AFFEHDIX  B 


TIOT  MPHOD  FOR  7^0  BALUgTIC  BBSIgTiUlCB  IjOCCT*^ 


Bolltstle  LlMt.  Tbm  btilllrtle  llvit,  In  fe«t  p«r  Mcond, 
axpnssvs  porfonBiiee  of  amor  in  roslrtU^  poontratlon  of  'balllfftlc 
mLstlles.  The  UxLt  is  th«  ealenlatod  Telocity  of  the  toat  projoe- 
tlle  at  vbleh  the  pKib^lllty  «;ieiirta  tnat  fifty  per  cent  of  tlM  projoc- 
tiles  vlU  coaqpletely  penetrate  tbe  azvor  and  tlMit  ^  per  cent  of  tlaa 
projectllee  trill  he  stopped  or  defeated  by  the  ax«or<  A  cog^lete  pene¬ 
tration  oeours  ntten  a  test  projectile  passes  tkrongh  the  test  panel  and 
ashes  a  hole  In  a  eltsess  plate  behind  the  test  panel.  A  partial  pene¬ 
tration,  ehlch  Is  a  defeat  of  the  nlsslle,  oeenrs  vhen  the  test  projec¬ 
tile  either  Is  stopped  by  the  test  panel  or  passes  through  the  test 
panel  but  does  not  aske  a  hole  In  the  witness  plate. 

Test  Projectile.  The  test  projectile  shall  be  the  caliber  i22 
T37  fragaent  slaolator  (see  Figure  The  test  projectiles  shall  be 
segregated  Into  classes  on  the  basis  of  flange  dlaaeter  with  masure- 
■ents  asde  to  0.001  inch.  All  testing  on  one  panel  shall  be  limited  to 
one  size  of  projectile. 

Fixing  of  Test  Projectile.  The  gun  end  auxiliary  equipnent  sup- 
piles  (cartridge  eases,  wadding,  propelJ-ent,  weighing  equipnent,  etc.) 
utilized  In  the  firing  of  the  test  projectile  shall  permit  the  firing 
of  the  test  projectile  at  approximately  the  velocity  selected  for  each 
ro\md.  Propellent  shall  be  weighed  to  0.1  mllllgraBi. 

Jlstance  and  Msasuriag  gquliaamt  and  Methods.  EquipBeat  and 
"tiie  method  used  to  ^bstermlne  dlstaziees  (between  obser^tlon  points 
test^  panel  target)  shall  be  accurate  to  l/l6  Inch.  Equipment  itrUi 
nssthod  used  to  dstensine  time  reqiilrwd  for  the  projectile  to  trarel  from 
the  first  observation  point  to  the  second  (to  detenolne  velocity  of  pro¬ 
jectile)  shall  be  capable  of  acc^Erate  seasxLrement  to  0.01  millisecond. 

Witness  Plate.  The  witness  plate  shall  be  a  0.020-dnch  thick  sheet 
of  fc024-Tk  alumlnvas,  alloy  placed  six  Inches  behind  and  parallel  to  the 
test  panel. 


Method.  The  ballistic  test  is  conducted  in  such  a  mewyiey  so  as  to 
obtain  a  sufficient  nunber  of  rounds  within  a  narrow  velocity  range 
with  partial  penetrations  alternating  with  coiq>lete  penetrations.  The 
first  round  is  loaded  with  an  amenmt  of  propellent  sufficient,  from 
prior  experience,  to  result  In  a  projectile  velocity  approximately  that 
of  the  Y50  ballistic  limit  specified  for  the  material.  If  the  first 
round  results  in  a  coagplete  penetration,  load  the  second  round  with 
slightly  less  propellent  to  produce  a  slightly  lower  projectile  velocity 


^^Extracted  from  Specification  MIL-C-I2369B,  Cloth  Nylw,  for  Armor, 
dated  11  September  1957. 
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in  an  attempt  to  obtain  a  partial  penetration.  If  the  first  round  re- 
sulta  in  a  partial  penetration,  load  the  second  roimd  vdth  slightly  more 
propellent  to  produce  a  slightly  higher  velocity  in  an  at  tempt  to  obtain 
a  complete  penetration.  Continue  testing  using  this  up-oiidnioim  method 
(up  on  a  partial  penetration  and  dovm  on  a  compl.ete  penet  ration)  \intil  a 
sufficient  manber  of  complete  and  partial  penetrations  ha  ire  been  obtained 
to  pemlt  the  calculation  for  ballietic  limit,  750* 

Calculations.  The  limit  for  each  test  panel  shall  be  the 
average  of  the  velocities  recorded  for  ten  fair  Impacts  consisting  of  the 
five  lowest  velocities  recorded  for  ctaaplete  penetration  and  of  the  five 
highest  velocities  recorded  for  partial  penetration  provided  the  spread 
for  the  ten  velociti  s  used  is  not  greater  than  125  feet  per  second.  In 
cases  where  the  spread  ie  greater  than  125  feet  per  second,  the 
limit  shall  be  the  average  of  fourteen  fair  impact  velocities  consisting 
of  the  seven  lowest  ccxnplete  penetration  velocities  and  of  the  seven 
highest  partial  penetration  vclociti-es.  All  velocities  used  in  these 
calculations  shall  be  striking  velocities  calculated  at  the  point  of 
initial  contact  with  the  test  panel.  The  value  of  the  test  projectile 
drag  coefficient  used  in  the  strikiiag  velocity  calculation  shall  be  that 
determined  by  the  Ordnance  Corps.  A  fair  impact  results  vdien  an  unyawed 
projectile  strikes  an  unsupported  area  of  the  test  sample  at  a  distance 
of  at  least  two  inches  from  the  edge  and  from  any  other  point  of  impact. 
The  VcQ  limit  for  the  lot  shall  be  reported  as  the  average  of  all  panels 
tested  frcHfl  the  lot* 

NOTE;  An  example  of  teat  eqijiFBwnt  and  operating  procechires  is 
given  by  the  Aberdeen  Proving  Ground  report  dated  1  April  1953,  with 
revisions,  "Operating  Procedure  for  the  Ballistic  Acceptance  Testing 
of  Vest,  Armor,  M52-3A  and  Sim.,-jT  Materiel  with  Projectile,  Fragment 
Simulator  Caliber  .22  T37.'' 


Figure  12 .  Caliber  .22  T37  fragment  edmaiator,  atael  1020  laoelofell 
c  29-31,  weight  -  17.0  i  .5  grilne 
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